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FRPSDUHGZLWKVWDWHIHHGEDFNZLWKLQWHJUDOFRQWUROIRUDVSKHULFDOWDQNLQ>@DQGZLWKLQWHUQDOPRGHOFRQWURO,0&
IRUDFRQLFDO WDQN LQ >@DQG>@ ,Q >@ >@DQG>@PRGHO UHIHUHQFHDGDSWLYHFRQWUROEDVHGRQ0,7UXOHZDVDOVR
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7KHILUVWRUGHUWUDQVIHUIXQFWLRQFDQEHXVHGDOVRIRUWKHRWKHUVKDSHVRIWDQNVLQOHYHOSURFHVVFRQWURORUIRU
RWKHUVORZSURFHVVHV6RWKHGHVLJQSURFHGXUHVSUHVHQWHGLQWKHIROORZLQJSDUDJUDSKVFRXOGEHHDVLO\H[WHQGHGWR
RWKHU SURFHVVHV7KH LQKHUHQW HUURUV UHVXOWLQJ IURPPRGHOLQJ WKH SURFHVV DQG WLPH YDU\LQJ SDUDPHWHUV GHILQH WKH
V\VWHP
V XQFHUWDLQWLHV ,Q RUGHU WR GHWHUPLQH WKHZD\ LQZKLFK WKH YDULDWLRQ RI WKH SDUDPHWHUV IURP WKH QRPLQDO
SURFHVVDIIHFWWKHFORVHGORRSEHKDYLRURIWKHV\VWHPDQGWRWHVWWKHDGDSWLYHFRQWUROVFKHPHV0DWODEHQYLURQPHQWLV
XVHGIRUVLPXODWLRQ>@>@)RU WKH OHYHOFRQWUROSURFHVVGHVFULEHGE\ WKHXQFHUWDLQSURFHVVSDUDPHWHUVDUH
PRGLILHGZLWKLQDUDQJHRINS DQG7S 
0RGHOUHIHUHQFHDGDSWLYHFRQWURO
:KHQ WKHSODQWSDUDPHWHUVDUHXQNQRZQRUYDU\LQJ VORZO\RU VORZHU WKDQ WKHG\QDPLFEHKDYLRURI WKHSODQW
WKHQ D05$& FRQWURO VFKHPH FDQ EH XVHG >@ >@ 7KLV DGDSWLYH VWUXFWXUH RIIHUV D VXSHULRU SHUIRUPDQFH DQG
UREXVWQHVVLQWLPHWKDQDFODVVLFDO3,'FRQWUROOHU
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7KH ILUVW PDMRU SUREOHP LQ /\DSXQRY WKHRU\ LV WR FKRRVH WKH SURSHU HQHUJ\ IXQFWLRQ 9 ZKLFK LQ WKLV FDVH
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7KH GHULYDWLYH RI WKH /\DSXQRY IXQFWLRQ9 LV QHJDWLYH GHILQLWH LI VRPH RI WKH WHUPV LQ  DUH ]HUR DQG WKH
UHVXOWLQJDGDSWDWLRQODZVRIWKHFRQWUROOHU¶VSDUDPHWHUVDUH
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,QWKHDGDSWDWLRQODZVVRPHWHUPVZHUHDEVRUEHGLQWRWKHDGDSWDWLRQJDLQVȖDQGȖ
5HVXOWV
7KHILUVWVWDJHLQWKHGHVLJQRIWKHPRGHOUHIHUHQFHDGDSWLYHFRQWUROZDVWRFKRRVHWKHSDUDPHWHUV7PDQGNPRI
WKH ILUVW RUGHU UHIHUHQFHPRGHO EDVHG RQ WKH H[SHULPHQWDO UHVXOWV REWDLQHG XVLQJ WKH UHDO 3, FRQWURO RI WKH OHYHO
SURFHVV 7KH ILJXUH D VKRZV WKH H[SHULPHQWDO VLJQDOV VHW SRLQW SURFHVV YDULDEOH DQG FRPPDQG FRQVLGHULQJ
>@>@ IRUFRQWUROOLQJ WKH OHYHO LQVLGH WKH5WDQN WRDVHWSRLQWFKDQJHIURPWRZKLFKHPSWLHV WKH
WDQN7KHILJXUHEVKRZVDVLPLODUUHVSRQVHRIWKHUHIHUHQFHPRGHOZKLFKZDVVLPXODWHGLQ0DWODEHQYLURQPHQW


)LJD7KHVWHSUHVSRQVHRIWKHH[SHULPHQWDOOHYHOSURFHVVE7KHVWHSUHVSRQVHRIWKHUHIHUHQFHPRGHO
7KH05$&VFKHPHDSSOLHVWRV\VWHPVZLWKNQRZQG\QDPLFVWUXFWXUHILUVWRUGHUV\VWHPFRQVLGHUHGIRUWKHOHYHO
SURFHVV FDVH DQG XQNQRZQ RU WLPH YDU\LQJ FRQVWDQWV 6R WKH WZR DGDSWLYH VFKHPHV ZHUH WHVWHG WR WKH VDPH
VFHQDULRV&RQVLGHULQJDVHWSRLQWFKDQJHIURPWRDQGVRPHXQFHUWDLQWLHVLQWKHSURFHVVSDUDPHWHUVERWK
SDUDPHWHUVDUHPRGLILHGLQGLYLGXDOO\ZLWKWKHUHVSRQVHVDIWHUDF\FOHRIILOOLQJDQGHPSW\LQJWKH5WDQNDUH
SUHVHQWHGLQILJXUH

)LJ7KHVWHSUHVSRQVHVRIWKHDGDSWLYHV\VWHPVD0,7UXOHE/\DSXQRYUXOH
  W>VHF@
    W>VHF@
/HYHO
>@
/HYHO
>@
W>VHF@ W>VHF@
/HYHO
>@
/HYHO
>@
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7KH UHVSRQVHV IURP ILJXUH  HPSKDVL]H WKDW ERWK LPSOHPHQWHG PHWKRGV PDQDJH WR PRGLI\ WKH FRQWUROOHU
SDUDPHWHUV6RWKHDGDSWDWLRQHUURULVFDQFHOHGDQGWKHSODQWRXWSXWWKHOHYHORIWKH5WDQNWUDFNVSUHWW\TXLFNO\
WKHLPSRVHGUHIHUHQFHPRGHORXWSXW$OVRWKH05$&ZKLFKXVHV/\DSXQRYUXOHVHHPVWRSHUIRUPEHWWHU
7KHDGDSWDWLRQVSHHGRIWKHSDUDPHWHUVFRXOGEHLPSURYHGE\LQFUHDVLQJWKHDGDSWDWLRQJDLQVHJIURPWR
EXWWKHFRPSDUDWLYHVWXG\PDGHLQ)LJLQGLFDWHVWKDWDGDSWLYHFRQWUROVFKHPHZLWK0,7UXOHPD\EHFRPHXQVWDEOH
LQWLPHIRUKLJKHUYDOXHVHJ




)LJ,QFUHDVLQJWKHDGDSWDWLRQJDLQVWRDQGWKDQWRD0,7UXOHE/\DSXQRYUXOH
&RQFOXVLRQV
7KHSDSHUSUHVHQWHGWKHVWXG\RIWZR05$&VFKHPHVDSSOLHGWRDOHYHOSURFHVVFRQWURO7KHGHVLJQSURFHGXUH
ZDVPDGHE\FKRRVLQJDJHQHUDOILUVWRUGHUUHIHUHQFHPRGHOEDVHGRQDOHYHOSURFHVVH[SHULPHQWDOVHWXSDQGVRWKH
FRQWUROGLDJUDPFRXOGEHHDVLO\H[WHQGHGWRRWKHUVORZSURFHVVHV%RWKDGDSWLYHFRQWUROGLDJUDPVXVLQJ0,7UXOH
DQG/\DSXQRYUXOHDUHLQKHUHQWO\QRQOLQHDU
7KHUHVXOWVVKRZQILUVWO\WKDWWKH05$&EDVHGRQ0,7UXOHLVORFDOO\VWDEOHGHSHQGLQJRQWKHDGDSWLYHJDLQDQG
LQLWLDOFRQWUROOHU¶VSDUDPHWHUVFORVHWRVWDEOHSDUDPHWHUV)RUODUJHUYDULDWLRQVRIWKHSODQWWKH0,7UXOHPD\OHDG
WRLQVWDELOLW\DQGXQERXQGHGVLJQDOUHVSRQVH
7KH05$& V\VWHP EDVHG RQ /\DSXQRY WKHRU\ FDQ KDQGOH ODUJH YDULDWLRQV RI WKH SODQW SDUDPHWHUV ZLWK VORZ
YDU\LQJG\QDPLFUHVSRQVH)XUWKHUPRUHLQWKLVFDVHWKHVWDELOLW\RIWKHFORVHGORRSV\VWHPDQGWKHFRQYHUJHQFHRI
WKHDGDSWDWLRQHUURUDUHDVVXUHGE\WKH/\DSXQRYWKHRU\RIVWDELOLW\
,QWKHQH[WVWDJHDGLVFUHWHDGDSWLYHVWUXFWXUHFDQEHGHWHUPLQHGDQGLPSOHPHQWHGGLJLWDOO\WRWXQHWKHFRQWUROOHU
SDUDPHWHUVDQGWRFRQWUROWKHOHYHOSURFHVV$QHYHQWXDOGHOD\WLPHRUDVHFRQGRUGHUV\VWHPVKRXOGEHFRQVLGHUHG
IRUDQHZPDWKHPDWLFDOPRGHORI WKH OHYHOSURFHVV$OVR WKHGHVLJQSURFHGXUHFRXOGEH WHVWHGRQ OHYHOSURFHVVHV
ZLWKFRQLFDOVSKHULFDORUFRXSOHGWDQNVRURQRWKHUVORZSURFHVVHV
/HYHO
>@
/HYHO
>@
W>VHF@ W>VHF@
W>VHF@W>VHF@
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